As appliance energy efficiency standards and labeling (S&L) programs reach a broader geographic and product scope, a series of sophisticated and complex technical and economic analyses have been adopted by different countries in the world to support and enhance these growing S&L programs. The initial supporting techno-economic and impact analyses for S&L development make up a defined framework and process for setting and developing appropriate appliance efficiency standards and labeling programs. This report reviews in-depth the existing framework for standards setting and label development in the well-established programs of the U.S., Australia and the EU to identify and evaluate major trends in how and why key analyses are undertaken and to understand major similarities and differences between each of the frameworks.
Executive Summary
As appliance energy efficiency standards and labeling (S&L) programs reach a broader geographic and product scope, a series of sophisticated and complex technical and economic analyses have been adopted by different countries in the world to support and enhance these growing S&L programs. The initial supporting techno-economic and impact analyses for S&L development make up a defined framework and process for setting and developing appropriate appliance efficiency standards and labeling programs. This report reviews in-depth the existing framework for standards setting and label development in the well-established programs of the U.S., Australia and the EU to identify and evaluate major trends in how and why key analyses are undertaken and to understand major similarities and differences between each of the frameworks.
The in-depth review of the existing framework for standards and label development and supporting analyses and tools used in the U.S., Australia and the EU reveal several overarching trends. First, each country or region's regulatory context for standard-setting has significantly influenced the specific processes and analyses that are conducted when setting or revising efficiency standard levels. Whereas the specific sets of 15 analyses were developed to meet regulatory mandated criteria for standardsetting in the U.S., Australia's principle of adopting existing world-best regulatory target and reliance on international trade data is the result of its import-dependent appliance market. The EU Ecodesign preparatory study framework and accompanying seven tasks of analyses traces directly back to the directive's unique scope of evaluating life-cycle environmental impacts and costs. These region-specific trends suggest that there is not necessarily a "one size fits all" framework for standards setting and label development but rather, the framework should be developed based on region-specific conditions such as market factors, purpose and goals of standards and labeling programs and data availability.
Another overarching trend illustrated by the three regional frameworks examined is that there are considerable variations in the rigor and scope of core techno-economic analyses, despite similarities in a common approach of using stock accounting model and scenario analysis to conduct shipments, national impacts and energy and environmental analyses. The U.S. engineering and life-cycle cost analyses are distinguished by unique approaches of estimating manufacturer cost for separate components by "tearing down" actual products and using statistically representative samples to evaluate cross-section of consumer impacts, respectively. Australia, on the other hand, is limited by data availability to statistical analysis and engineering simulations for its engineering analysis, but conducts more detailed cost-benefit analysis that distinguishes the costs to consumers, government and industry.
ii The EU Ecodesign process is distinct in defining both a standard base case and a real-life base case that adjusts for variations in consumer behavior and loads for its environmental and life-cycle cost assessments and also considers Best Not Yet Available Technology in its technical analysis. In support of each region's strengths in conducting specialized techno-economic analysis, specific tools such as the U.S. life-cycle cost model with Crystal Ball, the Australian Business Cost Calculator and the EU EcoReport tool for life-cycle environmental assessment have been developed and make up important components of each framework for standards and labeling development.
In sum, while similar types of analyses are embodied in the standard-setting and label development framework of the U.S., Australia, and the EU, there are distinct features in each of the three frameworks that are shaped by the regulatory context and conditions of that region. Each of the frameworks in turn has distinguished itself by incorporating more rigor into specific areas of analysis ranging from engineering and life-cycle subgroup impact analysis to cost-benefit and environmental impact analysis in order to meet specific regulatory goals or policy scopes. At the same time, these regions have also developed the necessary supporting tools and data inputs to conduct the more rigorous analyses, making it possible for the standards setting and label development framework to be fully implemented. 
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Executive
Introduction
As appliance energy efficiency standards and labeling (S&L) programs reach a broader geographic and product scope, a series of sophisticated and complex technical and economic analyses are being adopted by different countries in the world to support and enhance these S&L programs. There are two main types of analyses related to S&L programs: technical and economic analyses undertaken prior to the implementation of standards and labeling. These initial supporting analyses for S&L development are aimed at illuminating and assessing the impact of the proposed policy on industry, consumers, the national economy, trade, and other areas. This set of analyses and tools in turn make up a defined framework and process for setting and developing appropriate appliance efficiency standards and labeling programs.
Appliance S&L programs have been in use internationally for over thirty years, but few programs have consistently followed a comprehensive and well-defined framework in setting and revising efficiency standards and labeling thresholds. The notable exceptions are three developed regions that have had a relatively long history of S&L programs: the United States (U.S.), Australia and the European Union (EU).
In each of these regions, a set of pre-determined analyses are carried out and the process and results are documented when standards and/or labeling thresholds have to be set or revised. In order for the comprehensive analyses to be conducted in a timely and effective manner to inform standard-setting and label development, supporting data sources and tools are also developed as part of the national framework. This report thus reviews the set of initial analyses that compose the underlying framework for standards and labeling setting and development in the U.S., Australia and EU in order to identify and evaluate major components and trends.
The report provides in-depth overview of the framework for standards and labeling setting and development in the U.S., Australia the EU. Within each chapter, specific details are first provided on each country's regulatory framework as context for understanding the influence that existing policy framework has on standards and labeling setting processes. Then, the standard-setting process and the underlying analyses and tools used in the process of each selected region are reviewed in-depth to understand the purpose and contributions of each analysis to the framework, as well as the underlying data requirements and tools for conducting the analysis. This report ends with a short discussion of key findings and conclusions drawn from similarities and differences observed in the frameworks of all three regions. 
Overview of United States MEPS and ENERGY STAR Framework

MEPS Regulatory Process Overview
The U.S. regulatory process for standard-setting is shaped largely by legislation which initially created the MEPS. As outlined in the legislation, the U.S. guiding principle for setting the threshold for MEPS is to achieve the maximum efficiency that is technologically feasible and economically justified, thus maximizing energy savings. The Secretary of Energy has discretion in weighing the benefits and burdens of selecting the final stringency level of the standard for a given product class, where product class is defined by differences in a given product's utility functions to consumers. In doing so, the Secretary of Energy must consider seven statutory criteria, including:
1. The economic impact of the standard on consumers and manufacturers 2. Lifetime operating cost savings resulting from the standard 3. Total projected energy savings resulting from the standard 4. Impact of the standard on utility or performance of products 5. Impact of any lessening of competition likely to result from the standard 6. Need for national energy conservation 7. Other factors the Secretary considers relevant From a procedural perspective, the U.S. has followed a rulemaking process for setting its MEPS since the National Appliance Energy Conservation Act of 1987. DOE has authority to change the process, restructured the standard setting process in a formal Process Rule in 1996, and continues to adapt the process to current circumstances, including using consensus-building methods. In 2006, DOE initiated the process used in recent rulemakings by the authority of a planned multi-year schedule of approximate rule initiation and final action dates. The current schedule of appliance standards development was updated in a semi-annual report to Congress (February, 2012) 1 , based on the consent decree of 2006, the Energy Independence and Security Act (EISA) of 2007, and the status of recent rulemakings. DOE is responsible for standards for 24 residential products 2 and 18 commercial products 3 . DOE may add additional products (e.g., miscellaneous electronics products 4 ) if they meet the criteria specified in the Energy Policy Conservation Act (EPCA).
Normally, the energy standards process begins with a test procedure rulemaking, then a standards rulemaking. Test procedure rulemakings typically involve a proposed and final rule, while standards rulemakings typically involve a framework, preliminary analysis, proposed rule and final rule. (For some products specified by legislation, the energy standards rulemaking process begins with the publication of a Notice of Determination in the Federal Register to determine if a new or revised standard is needed. This is followed by a 30 calendar day comment period for the public to provide input to DOE regarding the Notice of Determination. If a Determination concludes that standards are warranted, then the normal test procedure and standards rulemakings are initiated for these products.
In a typical standards rulemaking, a Framework Document is drafted by DOE and its contractors (usually Lawrence Berkeley National Laboratory, Pacific Northwest National Laboratory, and Navigant Consulting). This Framework Document describes DOE's plans for conducting the supporting analyses for the rulemaking and is published with a Notice of Availability that seeks further comments or data input from the public. After a public meeting is held for further public participation, DOE and its contractors perform a variety of economic and technical analyses. The typical duration of time from the Framework Document to completion of the Preliminary Analysis is 18 months.
After the Preliminary Analysis is completed, the results are published in a Notice of Data Availability, and a 30 to 45 calendar day comment period begins with a public meeting held for further comments. After this comment period, additional analyses are conducted and revisions may be made based on comments. DOE then reviews all comments and addresses them in the Notice of Proposed Rulemaking in the Federal Register. This period typically takes 11 months.
Finally, a 60 calendar day comment period follows the published Notice of Proposed Rulemaking and final revisions can be made to the analysis if necessary, based on the comments received. Within a six month timeframe, DOE publishes the Final Rule announcing the energy efficiency standards and their effective dates.
Supporting Analyses and Tools
In support of the DOE MEPS rulemaking, a comprehensive framework involving fourteen different analytical approaches, sets of key inputs and supporting analyses has been developed in the U.S. to provide key outputs that are used to evaluate proposed MEPS thresholds and to justify the choice of the final threshold.
The framework for the U.S. MEPS rulemaking is illustrated in Figure 1 . 
Market and Technology Assessment and Screening Analysis
One of the first initial analyses conducted by DOE under its standards rulemaking is a market and technology assessment used to identify product design options or efficiency levels that will be evaluated in the rulemaking. The market and technology assessment help develop a qualitative and quantitative characterization of the industry and market structure for a particular product type. The market assessment addresses manufacturer characteristics and market shares, existing regulatory and nonregulatory efficiency improvement initiatives, equipment classes and trends in market and equipment characteristics. For example, the market assessment may involve producing projections of future shipments based on demographic projections, ownership trends, changing market shares and product lifetime. The technology assessment in turn develops a preliminary list of technologies that could improve the efficiency of a specific product which is then used in the screening analysis.
The purpose of the screening analysis is to evaluate the technologies that improve equipment efficiency in order to determine which technologies to consider further and which to screen out. This analysis identifies technology options that are viable for mass production in three to five years by using manufacturer websites, literature review and discussions with industry and independent technical experts.
The screening analysis evaluates a set of four criteria in determining the feasible design options or efficiency levels that warrant further consideration:  Technological feasibility: technologies incorporated in commercial equipment or working prototypes are considered technologically feasible  Practicality to manufacture, install and service: mass production of a technology and reliable installation and servicing of that technology must be able to reach the scale necessary to serve the market by the effective date of the standard  Adverse impacts on product functions or availability: technology is screened out if it is determined to have adverse impacts on the equipment's functionality for significant subgroups of customers or result in unavailability of any covered equipment type that are currently generally available  Adverse impacts on health or safety: technology is screened out if it has significant adverse impacts on health or safety (DOE, 2006) .
Engineering Analysis and Mark-Up Analysis
Engineering Analysis
The technologically feasible design options or efficiency levels that survive the screening analysis are further evaluated in the engineering analysis, typically conducted by Navigant Consulting. This analysis is used to determine a cost-efficiency relationship which helps evaluate which design changes or efficiency levels could save energy and to what degree. This analysis often involves purchasing models of different efficiency levels and dismantling them to itemize parts and costs, along with developing a model that accounts for investment costs outside of the cost for parts and labor (Rosenquist 2010) . Manufacturing costs are then determined by cross-checking costs determined through the "tearing down" or dismantling of existing products and input from manufacturers about expected manufacturing costs and used in the subsequent Mark-up Analysis.
Following the engineering analysis, a mark-up analysis is conducted to determine the expected costefficiency relationship.
Mark-ups for Product Price Determination
An increase in manufacturing cost of appliances as a result of new standards is expected to result in incremental change in consumer price associated with the rise in manufacturer price, an "incremental mark-up" (McMahon 2003) . The incremental mark-up is dependent on how products are distributed and may include mark-ups by wholesalers, distributors and for some products, contractors. The mark-up analysis is used to determine the mark-up and sales tax associated with converting to a consumer price from an estimated manufacturer price based on census data and profit data from publicly traded companies. Specifically, analysis is conducted to determine the relationship between consumer prices and manufacturer costs and develop scaling factors that can be used to convert from the change in manufacturer costs required to increase efficiency to the resulting change expected in consumer prices (McMahon 2004 ).
An example of a cost-efficiency relationship for unitary air conditioners as identified through engineering analysis is shown in Figure 2 . 
Energy and Water Use Analysis
For each design option or efficiency level, the operational energy and water use is estimated based on usage patterns taken from a sample of household data from the latest Residential Energy Consumption Survey or other data.
Life-cycle Cost (LCC) and Payback Analysis
Since the economic impact of a standard on consumers is a major factor in the MEPS formulation process, the LCC and Payback analysis evaluates the life-cycle economic impacts of potential standard levels on consumers or end-users. In the U.S., life-cycle costs are calculated to be statistically representative of a cross-section of consumer impacts and thus differ from a single estimate of estimated national benefits and costs. Using inputs from the mark-up analysis; technical product data such as equipment lifetime, energy consumption, installation, maintenance and repair costs and estimates of future product and energy prices, an LCC and payback model is developed to calculate savings in operational costs over the product's life-cycle relative to any price increase related to adoption of a standard. In recent years, marginal energy prices have been developed for peak end-uses such as air conditioners in order to account for the value of energy savings that differs depending on when energy is used (i.e., peak versus non-peak loads) (Rosenquist 2012) . Figure 3 shows the necessary inputs to the LCC analysis. Sensitivity analyses of discount rates and future energy price forecasts are also included in the analysis. To account for variability and uncertainty, the LCC and Payback Analysis is conducted for a statistical sample of expected applications. More specifically, this analysis is conducted using the Monte Carlo probabilistic approach using nationally representative samples for different variables (energy prices, income, household size) from the Residential Energy Consumption Survey (more details in McMahon and Liu, 2000) . Microsoft Excel spreadsheet models with the add-on software, Crystal Ball ®, are used to perform the Monte Carlo simulation analysis.
Shipment Analysis
The shipment analysis collects industry data on current shares of shipments by efficiency to feed into the National Impacts Analysis. A national stock accounting model is used to estimate annual shipments, taking into consideration historical shipments data, specific market segments, retirement function and distribution of in-service product stocks. Specific data inputs for model calibration include historical shipments and market factors (e.g., demand for replacement units, secondary units).
National Impacts Analysis
This analysis is used to evaluate the potential energy and economic impacts associated with each design option or efficiency level at the national level. A spreadsheet-based accounting model of stock turnover analysis and forecasting models of U.S. residential and commercial energy use serves as the main tools for calculating annual and net present values of total consumer costs and savings, and national energy and water savings, in energy and economic units.
More specifically, the stock accounting model uses historical shipments data to develop two sets of projected shipments through 2035: a base case without new standards and a standards case. Shipments for the standards case are forecasted by using purchase price elasticity to take into account the impact of standards on future shipments (Rosenquist 2012) . The purchase price elasticity are developed using market data and help model consumer choices under new standards. For both cases, shipments are used to derive annual energy consumption and cumulative energy consumption, with the difference between base case and standards case taken as the cumulative site energy savings. Site-to-source energy conversions then help convert site energy savings into national energy savings, and economic parameters such as future energy prices and discount rates can be used to calculate future economic savings. In 2010, the U.S. began using forecasted product prices that are determined using experience curves rather than constant product prices in the National Impacts Analysis. The forecasted product prices reflect the more realistic expectation that future prices will change over time as a function of cumulative shipments rather than remain constant (Rosenquist 2012) .
Under this analysis, a rebound effect is considered for energy use, but not economic analysis (since rebound implies benefits at least as high as the value of direct energy savings). The value of future primary energy savings is discounted. Results from the national impacts analysis serve as inputs for employment and environmental assessments.
Manufacturer Impact Analysis
A qualitative analysis of identified proposed standards' impact on manufacturers is conducted by consulting companies in three phases. First, an industry profile is created to characterize the industry with preliminary interviews with manufacturers to identify areas of concern. Second, manufacturers are interviewed with questionnaires to formulate the Government Regulatory Impact Model (GRIM) that helps assess industry and subgroup cash flow impacts and industry net present values. The GRIM model uses spreadsheet models to estimate the financial impact of MEPS for individual manufacturers, which are then aggregated to produce industry impacts and net present values. The specific data inputs needed for the industry cash flow analysis include additional investment needs, changes to production costs and revenue effects (e.g., from higher prices and lower sales) (McMahon 2004) . Based on the interviews and GRIM model, the impacts on competition, manufacturing capacity, employment and regulatory burden can be assessed and the results are used by the U.S. Attorney General to determine if the proposed MEPS could have potential impact on lessening competition.
LCC Subgroup Analysis
This analysis evaluates whether the proposed standards' impacts on consumers vary by region, demographic groups, or income levels in order to ensure that the standard does not disproportionately affect a certain subgroup of consumers or end-users. In this analysis, a distribution of values is defined rather than a single average value for each input parameter. The distribution is used to represent the range of possible values in a consumer sample and each value's corresponding probability to account for variability from household to household and for uncertainty (McMahon, 2003) . The consumer sample is based on consumers who utilize the appliance, based on statistically representative survey data from the Residential Energy Consumption Survey (RECS) for residential products and Commercial Building Energy Consumption Survey (CBECS) for commercial products. Monte Carlo simulation is used to draw a value from each input distribution by random sampling and a range of LCC results through 10,000 iterations are produced to reflect the fraction of population having particular results (Rosenquist 2010 ). An example of the results of the LCC subgroup analysis for residential central air conditioners is shown in Figure 4 .
Figure 4. Residential Central AC LCC Subgroup Analysis Results
Source: Rosenquist 2010.
Employment Impact Analysis
This analysis evaluates the net jobs created or eliminated nationally amongst manufacturers, related service industries, energy suppliers and the economy in general by the proposed standards. This analysis is conducted using a national, 187-sector economic input/output econometric model called ImSET 3.1.1 developed by the Pacific Northwest National Laboratory. This model provides estimates of the change in national output for each sector based on data collected on initial investments, energy savings and economic activity associated with spending the savings resulting from standards. This analysis considers the impacts of potential standards on national electricity and gas suppliers using estimates of reduced energy sales, peak load and deferred power plant construction due to proposed efficiency standards. This analysis is conducted using a version of the EIA National Energy Modeling System (NEMS) tool, with annual energy savings from the National Impact Analysis as the model input. Each proposed standard level is compared to the Annual Energy Outlook's Reference Case to evaluate the amount of energy saved and its impact on utilities.
Utility Impact Analysis
Regulatory Impact Analysis
This analysis evaluates and compares the national impacts of non-regulatory alternatives, such as information, incentives or tax credits, compared with proposed mandatory MEPS standards. The NEMS tool is also used to evaluate and compare the impact of non-regulatory alternatives to proposed MEPS standards.
Environmental Assessment
This assessment is conducted to determine potential reductions in the emissions of carbon dioxide and air pollutants of sulfur dioxide and nitrogen oxides associated with energy savings from the proposed standard levels. This analysis uses the same inputs and modeling tool as the Utility Impact Analysis, but with carbon and NO x emissions as the key outputs of the analysis. Estimated power plant emission factors are taken from the NEMS model while the value of CO 2 savings are also modeled using different approaches, e.g. social cost of carbon, market price or estimated impact on energy prices from CO 2 cap and trade legislation (Rosenquist 2010) . For some products, additional environmental factors are considered, such as ozone-depleting potential for such products as refrigerators, air conditioners, and water heaters.
ENERGY STAR Process Overview
Unlike the U.S. MEPS, there is no specific regulatory timeline for revising ENERGY STAR product specifications, but rather the revisions are initiated in response to changing market shares for efficient products. A general principle for considering revisions of a product specification has historically been if the market share of ENERGY STAR qualified products in a particular category reaches 50% or higher. However, other considerations for undertaking specification revisions include changes in federal MEPS, technological changes and advancements that allow revised specifications to capture additional savings, product availability, significant issues with consumers realizing expected savings, performance or quality issues and issues with test procedures. In March 2011, the U.S. EPA and DOE signed a memorandum of understanding outlining a workplan for the ENERGY STAR program which set a goal of maintaining relevance and value by regularly reviewing and updating product performance specifications (U.S. EPA 2011). For rapidly evolving product categories, a review of the specifications to determine if revisions are needed will be undertaken every two years. For other product categories, specification review will be undertaken every three years or when the market share reaches 35%.
For the ENERGY STAR program, energy efficiency requirements are set in the product specifications and typically represent approximately the top 20% efficient products on the market. Additional guiding principles for setting the ENERGY STAR specifications include significant nationwide energy savings, provide features and performance demanded by consumers, reasonable payback period for higher incremental cost of more efficient unit, broadly available and non-proprietary technologies by more than one manufacturer, and verifiable energy consumption and performance. The specific processes in the specification development cycle are shown in Figure 5 below. Because the specification development and revision cycle is much shorter than the MEPS rulemaking process at only six to nine months per specification, the EPA references relevant technical analyses conducted for the DOE MEPS rulemaking process and generally adopt the same efficiency indicators and performance requirements as the MEPS program. As part of the specification development process, EPA also interviews manufacturers about cutting-edge technology to understand the future development trajectories of different product technologies.
Figure5: Steps in ENERGY STAR Specification Development Cycle
Source: http://www.ENERGY STAR.gov/index.cfm?c=prod_development.prod_development_spec_rev
In May 2011, the ENERGY STAR program also launched a new pilot program element to designate the most efficient or top tier efficiency models for selected product categories including clothes washers, refrigerators, televisions and heating and cooling equipment. The Most Efficient designation is intended to recognize truly exceptional, inspirational or leading edge efficiency performance and targets in a very small proportion of highly efficient models such as the top 5% efficient TV models on the market.
Overview of Australia MEPS and Energy Label Framework
In Australia, a mandatory energy labeling program was first created unilaterally by three states in the late 1980s after negotiations between jurisdictions and manufacturers failed to establish a nationalscale labeling program. Concerns about piece-meal development of S&L policies led to the creation of a national committee on appliance and equipment efficiency to coordinate national MEPS program and other S&L activities in Australia in 1992. By 1999, all jurisdictions had implemented state and territory regulations for mandatory energy labeling and MEPS with all S&L activities managed and coordinated by the Equipment Energy Efficiency (E3) Committee.
Australia is also unique in that most of the products in its appliance market are imported, rather than produced domestically. This has important implications for its MEPS setting process, as the country tends to have less access to detailed and comprehensive data and have to rely predominantly on import and customs data. The import-heavy appliance market in Australia has also influenced its general goal of setting MEPS at levels that are at least the equivalent of existing world-best regulatory target.
Because a key goal of Australia's MEPS program is to reduce greenhouse gas emissions, there is a broader set of secondary criteria for setting MEPS levels with less direct emphasis on energy savings.
The secondary criteria for setting acceptable MEPS levels include (McMahon 2004):
 Addressing market failures to reduce life-cycle cost;  Minimizing negative impacts on product quality and function;  Minimizing negative impacts on manufacturers and suppliers; and  Ensuring consistency with other national policy objectives (e.g., reducing emissions of ozonedepleting substances and matching "world best practice" standards)
In the beginning of the regulatory impact statement (RIS) for proposed MEPS, the problems related to these criteria that the proposed MEPS would help address are identified and described with supporting data. For example, in the 2011 RIS for air conditioner MEPS, the problems identified include increasing energy consumption and greenhouse gas emissions from air conditioners, existing market failures regarding energy efficiency, effectiveness of current regulations for improving efficiency and ongoing problems and limitations of current MEPS levels (E3 2010).
MEPS Process Overview
The Australian standard setting and revision process begins with product selection in which potentially regulated products are identified by the E3 Committee. The committee is responsible for analyzing and projecting product level energy use in order to determine if identified products have significant current or projected energy use on either a per unit basis or due to high sales volume. To make this determination, the committee commissions product profiles and formulates a regulatory proposal to consider if policy intervention is necessary and if so, which policy option (MEPS, labeling, both MEPS and labeling, or another policy option) is the most appropriate. The regulatory proposal is based on economic analysis, consumer research and industry research and is published in the form of a draft RIS for public comment before the final regulatory impact statement is submitted for approval. The specific process is depicted in Figure 6 . Once the regulatory impact statement has been approved, further steps are taken to design and implement MEPS and/or labeling for a given product. Data collection and categorization of product classes is undertaken, followed by statistical, engineering/economic, consumer, industry, national and market analysis. As with the regulatory impact statement, a draft standard is circulated for public comment before it is finalized and published. The specific steps and processes in the formulation and implementation of an Australian MEPS are shown in Figure 7 . 
Supporting Analyses and Tools
The main analytical method in support of the MEPS program in Australia is the regulatory impact analysis that must be conducted before a product can be included in standards and labeling programs. The purpose of the regulatory impact analysis is to identify and compare the cost and benefits of each regulatory approach where benefits outweigh the costs across industry, consumers and regulators. The underlying basis for the regulatory impact statement and subsequent regulatory proposal include economic, engineering and statistical approaches of analysis, with consumer and industry research to inform analysis of consumer, industry, national and market impacts. The regulatory impact statement must include analysis of regional impacts and impacts of stakeholders likely to be most adversely effected, as specified by the Office of the Best Practice Regulation. The key analyses undertaken as part of a regulatory impact study are described in more detail below.
Market and Technology Assessment
Since Australia's appliance market is largely dominated by imported products, it tends to rely more on current market data for its market and technology assessments. For the market assessment, Australia uses import and sales data by model to characterize its market shares from different regions of the world. The manufacturers, importers and distribution channels in Australia are also analyzed and interpreted using annual data over a period of several years. In the example of the air conditioner MEPS proposal, the market assessment provided information about the household penetration rate of air conditioners from Australia Bureau of Statistics surveys and market shares and sales of different air conditioner models from industry data, retailers and suppliers.
For the technology assessment, Australia uses different methods to define the current product and identify possible technological changes to improve efficiency and reduce greenhouse gas emissions. For products with detailed market data, Australia rely more on the data in the current market to understand the potential for efficiency improvements and may not perform its own computer simulations and engineering analyses (McMahon 2004) . For other products that do not have detailed market data, Australia may either look at engineering simulation studies done elsewhere or conduct limited computer simulations to identify options for improving efficiency.
Selection of Candidate MEPS Levels
In order to determine the price-efficiency relationship for evaluating and selecting candidate MEPS levels, Australia tends to rely more on statistical analysis of the price and efficiency of current products.
Because it has limited domestic equipment manufacturing and production, Australia generally will not conduct an extensive engineering analysis of new combinations of technologies as is typically done in the U.S. Instead, Australia uses current market data to derive a statistical relationship between price and product characteristics while also examining the price-efficiency relationships reported in European and US studies (McMahon 2004) . A small number of candidate MEPS levels are then selected for in-depth life-cycle cost and impacts analysis.
Life-Cycle Cost Analysis
Australia uses a similar methodology and data inputs for calculating the economic life-cycle costs associated with each candidate MEPS levels as the U.S. The major difference in Australia's life-cycle cost analysis is that it calculates the life-cycle cost as national average estimates which do not distinguish between population subgroups. This means that a single national average is determined for each data input and included in the life-cycle cost calculations (e.g., national average equipment price, energy price, average real discount rate, product lifetime), rather than the more nuanced distribution functions used to represent variability amongst the different data inputs in the U.S. As such, the results of the lifecycle cost analysis in Australia are presented only in the form of national benefits and costs as described in the following section.
National and State Benefits and Costs
Australia's economic analysis of candidate MEPS levels is conducted based on costs and benefits at both the State and national level, including (E3 2010):
Costs:
 to the consumer due to incremental price increases of product due to MEPS;  to the State and Federal governments for implementing and administering the MEPS program  to the product supply businesses (e.g., manufacturers, distributors) for complying with the MEPS program requirements;
and, Benefits due to the avoided consumer electricity purchase costs and possibly peak demand savings 5 .
Sensitivity analysis of the cost-benefit analysis is also conducted to test the sensitivity of analysis outputs including factors such as sales growth, usage, and sensitivity to BAU efficiency increase. Sensitivity analyses of the assumed discount rates are also conducted to examine the potential impacts on net benefits and costs. The outputs of the life-cycle cost analysis and national and state benefits and costs include total costs, benefits and net benefits in net present value terms and benefit-cost ratio. Examples of outputs of the life-cycle cost analysis and national and state costs and benefits results are shown in Tables 1 and 2 . 
Analysis of Costs to the Government
This analysis focuses on quantifying the additional government costs related to the introduction of new MEPS levels, which differs from the administrative costs of managing the MEPS program. Because the administrative or program operating costs already exist under existing MEPS regulation, they are not considered in this analysis as there will be no additional operating costs for revised MEPS. However, the introduction of new or revised MEPS will incur additional costs related to research for MEPS development and increased compliance. For example, in the case of the 2011 revised air conditioner MEPS, the government needs to check and test a greater range of air conditioning units in the first year of the new MEPS in order to ensure compliance with the new MEPS levels (E3 2010) . The regulatory impact assessment found that the additional cost of the increased compliance for new MEPS totaled AUD $300,000.
Analysis of Industry Costs
The analysis of industry costs for complying with MEPS is conducted using the national Business Cost Calculator and includes three main categories of compliance costs (E3 2010):
1. Education Costs: the cost of maintaining awareness of legislation and regulations and changes to regulatory details, involving the need to train staff to be up-to-date with regulations 2. Permission: the costs of following the procedures to retain permission to conduct an activity (i.e., sell or import products), such as testing each model and completing the MEPS registration 3. Record Keeping: the costs of keeping mandatory statutory documents up-to-date It's important to note that the costs of materials and equipment purchased to comply with the regulation, such as more efficient technologies or components, are not included in this analysis because costs of design changes to meet more stringent MEPS have already been captured in the life-cycle cost benefits analysis from the consumer's perspective.
The Business Cost Calculator is a free and publicly available online tool provided by the Australian Department of Finance and Deregulation to help estimate the compliance costs of regulatory proposals. It provides an easy-to-use template for nine existing compliance cost categories, including notification, education, permission, purchasing, record-keeping, enforcement, publication and documentation, procedural and other costs. The tool allows users to set up cost constraints, create a cost option or task within the nine cost categories and generate reports of the results. A screenshot of the Business Cost Calculator tool is shown in Figure 8 . In the case of the revised air conditioner MEPS, the industry cost calculation inputs needed for the Business Cost Calculator are shown in Table 3 .
Table 3. Australian Example of Inputs to Business Cost Calculator for Industry Cost Analysis
Source: E3 2010. Once the Business Cost Calculator has been used to determine the cost per business, the costs are totaled using the total number of businesses importing and supplying air conditioners and then divided by the total number of models supplied to obtain a "per model" cost for the cost-benefit analysis (E3 2010 ). The per model costs for the revised air conditioner MEPS are shown in Table 4 . 
Analysis of Supplier Costs
The costs to suppliers for a new or revised MEPS fall into two main categories that have already been discussed in detail in previous sections: compliance costs and increased cost of producing or supplying more efficient equipment. The compliance costs are described in the above section on Analysis of Industry Costs while the increased costs of producing or supplying more efficient equipment were described in the section on the Selection of Candidate Levels.
Analysis of National Energy and Greenhouse Gas Emissions Impacts
Similar to the U.S., Australia also uses a national stock accounting model of installed and operating equipment to calculate the energy consumption under business-as-usual (BAU, i.e., no regulatory change) and MEPS scenarios. The stock turnover model was developed as a function of existing stock, replacements and new sales and inputs into the stock turnover model include projected sales by state and survival functions for each product category for calculating replacements. The stock model is used to develop estimates by state and year with additional details on product category, capacity range, average efficiency and year of purchase or installation. The stock model is then multiplied by the average energy value (e.g., power input) and usage for BAU and MEPS scenarios by state. Greenhouse gas emissions in turn are determined by multiplying energy consumption by State-specific electricity emission factors (E3 2010) . For each candidate MEPS scenarios, outputs of the analysis may include annual energy consumption for both BAU and MEPS, potential energy savings from MEPS by product category and projected annual greenhouse gas emissions reductions. Tables 5 and 6 and Figure 9 represent three examples of outputs from Australia's national energy and greenhouse gas emissions impact analysis. 
Industry, Competition and Trade Issues
Industry, competition and trade issues are considered in Australia using data on the total number of domestic manufacturers, imported models and existing market share information. For example, one issue considered is how compliance with more stringent proposed MEPS could initially reduce the range of models available in the market and whether this reduction would significantly affect consumer choice. An evaluation of how the implementation of the proposed MEPS could affect the competitiveness of one supplier over another is also undertaken, taking into consideration different manufacturers' resource and technical capacity, availability of technologies and consistency with global trends. The analysis of industry, competition and trade issues are conducted in consultation with manufacturers, importers and consumers through public meetings and consultative bodies (e.g., product-specific working groups) during the development of candidate MEPS levels (McMahon 2004).
Energy Label Development Overview
In developing energy labels, Australia follows a shorter process with fewer analyses as illustrated by Figure 10 below.
Figure 10. Process for Developing Energy Label in Australia
Source: E3 2006. Revisions of label thresholds are generally determined in several ways, including in long-term strategies formulated for the next ten years for certain products, the outcome of jurisdictional commitment to a regular review process 3 to 5 years after implementation, or identified by a reach level with or without a stated timeframe. The implementation of a revised label is usually accompanied by three specified dates: the date before which only the original label is permitted, the transition period set by state or territorial legislation in which both the original and revised labels may be used, and a compliance date after which only the revised label may be used. As previously mentioned, in rare cases where a consensus cannot be reached in negotiations between states and territories, MEPS or label revisions may also be undertaken unilaterally by local jurisdictions.
Overview of European Union Ecodesign Framework
The European Union (EU) first introduced mandatory comparative energy information labeling for household refrigerators, washing machines and dryers, dishwashers, ovens, water heaters and hot water storage, lighting and air conditioners in 1992. This was followed in 1996 by the first MEPS requirements being introduced for household refrigerators, freezers and combinations. In 2005, the MEPS requirements were integrated into a new proposal for Ecodesign requirements, also known as implementing measures, which widened the scope to include lifetime performance criteria with new emphasis on the energy consumption and environmental aspects of the non-use phases of energy-using products. The subsequent 2008 Ecodesign Framework Directive lays out a working plan and includes a list of priority product groups to adopt implementing measures between 2009 and 2011.
Ecodesign Process Overview
As a new initiative with its implementation plan dictated by the 2008 Ecodesign Framework Directive, a more comprehensive process has been laid out for setting Ecodesign requirements that must also be economically and technically justified. More specifically, a product must first meet three basic criteria to be regulated by the Ecodesign requirements. First, the product must have significant volume and trade, measured by sales greater than 200,000 units per year within the EU Community. Second, the product must have a significant environmental impact within the Community. In the UK, this impact is defined by high primary energy consumption, e.g., exceeding 1000 PJ per year, with other possible indicators of water consumption, long operating time, and parts that contribute to energy consumption or expected increase in the next decade due to high growth market rate. Finally, the product must also have significant potential for improvement in environmental impact without incurring excessive costs, as indicated by market failures, the absence of policy intervention and a wide disparity in environmental performance of products with equal functionality. For the UK, this criterion can be met by energy savings potential of greater than 20% during the use phase and taking into consideration specifications in other countries and the latest information on technology development.
After a product has been determined to meet the qualifying criteria, the Methodology Study of Ecodesign of Energy-using Products known more commonly as preparatory studies are undertaken to evaluate and set the implementing measures. The specific processes and analyses included in each preparatory study are shown in Figure 11 and the specific analyses undertaken are covered in greater detail in the next section. For each product or group of products, the preparatory study begins by defining the product, existing standards and legislation following economic and market analysis. Consumer behavior analysis, local infrastructure analysis and technical analysis of existing products are also used to inform the development of a base case. The base case is then used to reflect the underlying emissions and resources in a product's life-cycle. Next, a technical analysis of best available technology serves as the basis for assessing improvement potential. Lastly, policy, impact and sensitivity analyses are conducted to evaluate the proposed implementing measure. All of the supporting documents and underlying analyses for each preparatory study process are publicly available online and can be accessed at specific websites dedicated to each preparatory study.
Figure 11. EU Ecodesign Preparatory Study Processes
Source: Waide, P., and L. Harrington, 2010, "Opportunities for Success and CO 2 Savings from Appliance Energy Efficiency Harmonization." London: CLASP Report.
The entire process for the preparatory study involves different research and analytical teams and occurs over a timeframe of approximately two years. Once the preparatory study has been completed, then a Consultation Forum is held for stakeholders and member states to discuss the study findings and formulate a draft regulation. The draft regulation is submitted to the Regulatory Committee for review and upon Committee approval, is forwarded to the European Parliament for further review and the World Trade Organization is notified. Lastly, the regulation is formally adopted by the European Commission and published as a directive before entering into force. This process is illustrated in Figure  12 . 
Supporting Analyses and Tools
The Ecodesign Preparatory Studies are the main analytical tools that serve as the basis for setting Ecodesign Implementing Measures on a country by country basis. These preparatory studies and related assessments are conducted by external experts and the European Commission. The preparatory studies comprise of seven task major tasks, each of which is intended to review and summarize the main supporting analyses conducted to evaluate potential Ecodesign implementing measures.
Task 1: Defining the Scope
The first stage in the Ecodesign Preparatory Study involves defining a product and scope of the implementing measure, based on the listing of priority products for regulation. In this task, a preliminary product scope is identified by examining existing product classification schemes and the functional parameters used to define the product in the EU Eurostat Prodcom, EU or ISO standards and EU labeling categories. Once a product scope has been set, a review of existing test standards at the regional or global level (EN or ISO/IEC standards), at the individual member state level and at the third country level (ASHRAE, Japan, ANSI) regarding product functional performance parameters, resource use, safety, noise and vibrations is undertaken (European Commission 2011). Similarly, a comparative analysis for legislation at the EU, member state and third-country levels is conducted to evaluate their relevance to the product scope.
Task 2: Economics and Market Analysis
Once a product has been defined, the second task of the Ecodesign preparatory studies involve conducting economic and market analysis in order to ensure that the product meets the significant sales and trade volume criteria. For this task, various sources are used to gather trade and production time series data, market and stock data, market trends and consumer expenditure data. For trade and production time series data, the official European Community customs database PRODCOM is used to collect free and publicly available data. Market data is also taken from PRODCOM, in addition to market analyses and data generated by specialty market research firms and sector-specific databases. Historical and forecasted stock data from 1990 through 2050 are also collected or estimated using annual sales and product lifetime data. Market trends on design features and functionality and consumer behavior are also evaluated as part of the market analysis, along with analysis of consumer expenditure data such as purchase prices, installation, repair and maintenance and disposal costs. On the basis of this thorough market analysis, recommendations are made to refine the product scope and to highlight productspecific barriers and opportunities for Ecodesign. Figure 13 shows a detailed list of the data inputs and factors considered in the economic and market analysis.
Figure 13: Detailed Data Requirements and Inputs for EU Ecodesign Preparatory Study Task 2 Market Analysis
Source: European Commission 2011.
Task 3: Consumer Analysis and Local Infrastructure
In Task 3, consumer behavior and local infrastructure are evaluated in order to understand how the product is used and its end-of-life options. Because consumer behavior is an important parameter for energy use phase as well as the product life and end-of-life phases of a product, data collection and analysis are needed to establish user-defined parameters and actual end-of-life behavior for the given product. In addition, analysis of data related to local infrastructure including energy, water, telecommunications, physical distribution and product installation is conducted to understand how infrastructure may pose barriers or opportunities for Ecodesign requirements. The completion of this task will enable further refinement of product scope and identification of additional barriers and opportunities for Ecodesign from the perspective of consumer behavior and infrastructure.
A detailed list of parameters considered for the analysis of consumer behavior and local infrastructure in Task 3 is shown in Figure 14 . 
Task 4: Assessment of Base Case
Task 4 is used to develop and assess a base case that can serve as a reference for improvement and to determine if there is significant potential for improvement without entailing excessive costs. As the reference for determining improvements in potential design options, the base case represents the average product or product characteristics on the EU market in terms of resource efficiency, emissions and functional performance. Furthermore, in order to differentiate between standard energy consumption as measured by test standards and actual energy consumption based on real-life usage, two base cases are established. The standard base case considers a base case technology which consumes energy as measured by a harmonized test standard. The real-life base case considers the same technology but with actual energy consumption as reported in the EU to account for variations in consumer behavior and loads. Both base cases are then assessed using two life-cycle analysis methods: environmental impact assessment and financial life-cycle cost assessment.
The environmental impact assessment evaluates four key phases of product life: raw materials use and manufacturing, distribution, use and end-of-life phases. Both the standard and real-life base cases are assessed using three steps: life cycle inventory assessment, life cycle impact analysis and life cycle assessment. In the life cycle inventory assessment, emissions and resources use from all individual processes are assessed at the lowest aggregation level. The life cycle impact analysis then uses the results of the inventory assessment to determine impact unit indicators or multipliers for determining the impacts associated with emissions and resource use. Lastly, the life cycle analysis multiplies the unit indicators from the impact analysis with the total amount of materials used or disposed to calculate the total life-cycle impact of the product.
The main tool used for the environmental impact assessment is the Energy-using Product EcoReport Tool. This Excel-based tool is publicly available online and designed to facilitate the environmental analysis of a selected number of key indicators. For these key indicators, the EcoReport tool provides a set of predefined Unit Indicators, which indicate the environmental impact per unit of product. The tool can then use the Bill-of-Materials, Energy and other resources and key input parameters for manufacturing, distribution and end-of-life along with the Unit Indicators to calculate the total environmental impact of the base case. Table 7 shows the comprehensive list of environmental impact indicators and the associated necessary data inputs for the environmental impact assessment. The second assessment of the base case is an economic assessment focused on quantifying the financial life-cycle cost of the base case. The life-cycle cost calculation considers the purchase price, operating and maintenance expenses, product lifetime and real discount rates. In order to calculate the financial life-cycle cost, detailed data on components in the product price and costs are needed. The product price needs to be broken down into estimated production cost and margins for distribution, production and taxes. Actual consumer prices including taxes are often obtained from consumer association testing or list prices. Product costs need to be broken down into costs by component and assembly activities.
Since detailed product component costs may be difficult to obtain directly from manufacturers, they can often be estimated by an experienced engineer familiar with the specific product type.
Additional data inputs for the financial life-cycle cost analysis include discount rates, energy prices and water prices. For the real discount rate, a rate of 4% is adopted because there is a very small difference between the official inflation rate and the market interest rate for loans. Electricity, gas and oil prices are typically taken from Eurostat and averaged across the EU with an assumed annual growth rate of 4% for future prices. Water prices vary significantly within member states (i.e., across different sectors) and across member states, but an average water price including sewage tax is estimated to be €3.7 per m 3 with an assumed annual nominal growth rate of 2.5% (European Commission 2011).
Using these data inputs, a basic formula is applied in calculating the life-cycle cost of the two base cases:
Task 5: BAT-BNAT Analysis
The Best Available Technology (BAT) and Best Not Yet Available Technology (BNAT) analyses are the core technical analyses of possible design options in the Ecodesign preparatory studies, similar to the technology assessments and engineering analyses conducted in the U.S. and Australia. The BAT analysis evaluates possible design options with a focus on available technology that is expected to be introduced over the next two to three years timeframe. To be considered a BAT, the product should have the lowest environmental impact but be at least equivalent to the Base Case in terms of functional performance, quality and durability. Three main types of technologies are considered in determining the BAT design options (European Commission 2005):
1. State-of-the-art applied research or prototype for product 2. State-of-the-art components, including prototypes and test and field trial samples 3. State-of-the-art best existing product technology outside of the EU The BAT analysis serves as input to the selection of four to eight design options for further economic lifecycle cost and environmental impact evaluations.
Economic Life-cycle Cost Assessment of BAT Design Options
Three complementary approaches are used in evaluating the lifecycle costs of the selected design options to determine the least life cycle cost, which is the designated target level for Ecodesign measures. The first approach is a product approach, which focuses on collecting real price data for a real product that represents a BAT technology. The use of this approach requires some adjustments of prices obtained from catalogues, including adjusting local or national prices to average-EU level prices, taking into account margins and distribution costs representative of EU averages and separating out the price impact of features unrelated to resource efficiency and emissions (EU Commission 2011).
Because of difficulties with these price adjustments, analysts often prefer to use the design option approach. This second approach looks at prices not from the perspective of a whole product, but rather, attempts to break down the product price by individual design options. In this approach, economic data of new components and materials for a large sample of products from different origins are assessed to determine the relative effect that an extra design option has on the long-term price increase trend of a design option (European Commission 2011).
The last approach is the engineering approach which requires specialized engineers with expertise and familiarity with real component prices, mark-ups and learning curves to estimate the price breakdown for a particular design option. Because a comprehensive engineering approach faces budgetary and technical capacity constraints as well as a large number of variables that could affect cost calculations, a simplified and more realistic engineering approach is often adopted for the BAT analysis. This approach estimates the relative change in production costs for a limited amount of product features or design options in one particular cost model instead of estimating the change in production costs for all design options in different cost models (European Commission 2011). The cost model typically follows the manufacturer cost breakdowns used in in-house cost calculation model for EU-based manufacturers.
Regardless of which approach is followed, consensus amongst stakeholders and engineers will then be used to determine the improvement potential of different design options.
Environmental Assessment of BAT Design Options
In addition to the economic life-cycle cost assessment, environmental assessments of each of the selected design options must be conducted. The environmental improvement for each design option must be assessed quantitatively using the EcoReport tool in processes similar to those for the base case environmental assessment. The results of this environmental assessment are then compared and only the environmental impacts that change significantly with design options are reported (European Commission 2011).
BNAT Analysis
In addition to the economic and environmental assessment of the selected BAT design options, a qualitative assessment of BNAT technologies is also conducted as part of Task 5 in preparatory studies. The BNAT Analysis involves a qualitative analysis and discussion of technologies that are not yet commercially available in order to evaluate the long-term technical potential of the product. Technologies and products identified as BNAT help characterize the space for future innovation and product-differentiation after the introduction of Ecodesign measures. BNAT technologies can also be incorporated into EU incentive programs and serve as an indicator for future new energy classes (e.g., A+, A++, A+++).
In analyzing BNAT technologies, the analysis is often restricted to technologies that are technically proven with at least five to ten years of research and development work completed. It will then typically be at least another three to five years before the technologies enter the market, and may take much longer for some technologies to reach full commercialization (European Commission 2011). Based on these guidelines, the technical potential included in the BNAT analysis is commonly based on (European Commission 2005):
1. Outcomes of applied and fundamental research, but still in the context of the present product archetype 2. Changes of the total system to which the present archetype product belongs: societal transitions, product-services substation, dematerialization, etc.
Task 6: Improvement Potential
Once the life-cycle costs and environmental performance of the selected design options have been reviewed, the improvement potential of each design option relative to the base case is ranked in order to determine the point of Least Life-cycle Cost for target-setting. In ranking the improvement potential, individual design options are first ranked individually by their life-cycle cost and environmental improvement. Next, possible positive or negative side effects (e.g., rebound effect) of individual design options are assessed. The accumulative environmental improvement and cost effect of implementing combinations of ranked options simultaneously are then estimated, taking into consideration both interactions between multiple design options and possible side effects of design options. It is important to consider the accumulative improvement and cost effect because the implementation of multiple design options often results in smaller incremental improvement than the sum of improvements per individual design option. Accumulative design options are then ranked to identify the Least Life-cycle Cost point and the Best Available Technology point. Figure 15 illustrates how design options are ranked both individually and accumulatively and how the Ecodesign target requirement is set based on the ranking.
Figure 15: Ecodesign Ranking of Design Options
Four key points summarizing the results of the Ecodesign preparatory study assessments are shown in Figure 15 . The first point, with the highest energy consumption (in kWh/kg as shown on the right axis) and a high life-cycle cost in Euros (shown on left axis), represents the current baseline. The second point shows an improvement in environmental performance with decreased energy consumption and is also the lowest point of the life-cycle cost curve. This point represents the least life-cycle cost and the socially optimal point for setting the Ecodesign requirement because it embodies an environmentally superior product where the total cost over the product's life-cycle is lowered relative to the baseline. In other words, the environmental parameter at the point of least life-cycle cost will be proposed as the threshold value for minimum Ecodesign requirements. The third point represents the break-even point, where the new technology or design options pose no financial loss with the same life-cycle cost as the current baseline but has improved environmental performance. The last point represents the Best Available Technology, which is only intended to serve as an indicator of what is technically feasible in terms of the best environmental performance because it also has the highest life-cycle costs. The BAT is not intended to be a target for Ecodesign requirements, but does help evaluate the room for product differentiation in the short-term.
Task 7: Policy and Impact Scenario Analysis
In the last task (Task 7) of the preparatory study, scenario, policy, impact and sensitivity analysis are conducted to evaluate the impact of different policy options and uncertainties surrounding the projected impacts. The three types of analyses conducted as part of Task 7 are intended to summarize and total the outcomes of all previous tasks by using scenario analysis from 1990 to 2030 to quantify potential improvements relative to a Business-as-Usual (BAU) scenario. Qualitative discussions of potential improvements from 2030 to 2050 for each design option are also included in Task 7.
Policy and Scenario Analysis
The first part of the policy and scenario analysis seeks to summarize the stakeholder consultation process and findings from Tasks 1 through 4 in terms of barriers and opportunities for improving environmental performance and for Ecodesign measures. The effects of existing EU legislation and voluntary agreements are then evaluated and overlaps between Ecodesign measures and existing policies are identified. The benefits and disadvantages of combining Ecodesign measures with other policy instruments are also reviewed. Further analysis for selected policy measures such as setting the best available technology as a promotional target, the LLCC option as the MEPS level, legislative or voluntary agreements and labeling are also included, with emphasis on timing and target levels (European Commission 2011).
Scenario analysis from 1990 to 2030 is conducted to assess the effects of policy options other than the Ecodesign Directive implementing measures and to assess other factors that influence the environmental impact of policy measures, including the current market distribution of environmental characteristics, replacement rates and growth rates and substitution effects. To do this, a stock model is set up for 1990 to 2030 with baseline data on annual sales, stock, and net performance demand per unit. Additional scenarios are then created using the stock model to estimate the total annual and cumulative impact of different policy mixes for selected policy options based on assumed timing and target levels.
Impact Analysis for Industry and Consumers
Each policy evaluation also includes impact analysis using consumer cost-benefit analysis, manufacturer impact analysis and assessments of impacts on competition, small firms, legal aid, sustainable development, carbon assessment, other environmental factors, health, race equality, gender equality, human rights and rural development (Defra, 2010) . This is done by introducing economic parameters such as baseline product price; energy, water, repair and maintenance costs; and cost of margins for manufacturers, wholesalers, retailer and taxes to the stock model and running the previous policy option scenarios. Program results including running costs, consumer expenditure, annual revenue for industry, wholesale, retail, product VAT and other taxes as well as the share of small and medium enterprises are evaluated as indicators for competition and employment effects in evaluating the policy impact on various stakeholders (European Commission 2011).
Sensitivity Analysis
Lastly, sensitivity analysis of all relevant factors including energy and resource prices, raw material and production costs and discount rates are included in the Ecodesign Preparatory Study. Specifically, selected scenarios are recalculated in the stock model to test for 50% higher and lower energy prices, 50% higher and lower elasticity between product price, cost of raw materials or production costs, discount rates, policy target levels and differences in timing. Possible external environmental costs such as cost of carbon are also included in the sensitivity analysis for societal costs. The effect of recycling credits may also be considered in the sensitivity analysis if material substitution of greater than 10% of original product weight is feasible.
The results of the policy and scenario, impact and sensitivity analyses are summarized through main policy recommendations for each product, main outcomes of the scenarios for baseline, 2020 and 2030 and risk of possible negative impacts on health and safety.
Key Findings and Conclusions
Several key findings can be drawn from the similarities and differences that emerged in the review of leading international frameworks for standards and labeling setting and development. First, it is apparent from the U.S., Australian and EU experiences that each region's regulatory context for standard-setting has significantly influenced the specific processes and analyses used in setting or revising efficiency standard levels. In the U.S., the standard-setting process is shaped by legislation that requires a designated set of criteria to be evaluated through very specific analyses and examined during mandatory open public comment periods. Australia's framework for standard-setting and label development, including its principle of adopting at least the equivalent of existing world-best regulatory target and heavy reliance on customs and trade data for analyses, are influenced by its importdominated appliances market. The EU framework and Ecodesign preparatory process and analyses are the result of the directive's holistic approach to evaluating life-cycle, "cradle-to-grave" environmental impacts beyond just energy and life-cycle consumer costs. This finding suggests that there is not necessarily a "one size fits all" framework for standards setting and label development but rather, the framework should be developed based on specific national conditions such as market factors, purpose and goals of standards and labeling programs and data availability.
Another overarching trend illustrated by the three national and regional frameworks examined is that there are considerable variations in the rigor and scope of core techno-economic analyses conducted in standard-setting and label development, despite similarities in a common approach to conducting shipments, national impacts and energy and environmental analyses. For all three regions, national stock accounting models are used to determine future shipments forecasts while the national impacts and energy and environmental analyses are conducted using a business-as-usual or base scenario and a standards scenario. In conducting techno-economic analyses, however, the U.S. uses greater rigor in conducting its engineering analysis by often purchasing actual product samples and utilizing a "tear down" method to determine manufacturing costs for individual components as inputs to its mark-up analysis. Similarly, the U.S. adopts a comprehensive approach to calculating the proposed standards' life-cycle costs to consumers by using statistically representative samples to provide cross-section of impacts, rather than a single national average impact. This approach of conducting life-cycle cost subgroup analysis is feasible in the U.S. largely because of available data from recurring national residential energy consumption surveys. Australia, on the other hand, is limited by data availability to using primarily statistical analysis and engineering simulations for its engineering analysis, but conducts more detailed cost-benefit analysis that distinguishes the costs to consumers, government and industry. The EU Ecodesign process takes a more nuanced approach in defining a base case by conducting environmental and life-cycle costs analyses for both a standard base case and a real-life base case that adjusts for variations in consumer behavior and loads. In addition, the EU approach also explicitly considers Best Not Yet Available Technology in examining possible long-term technological development and in determining potential future target in its analytical framework.
Lastly, although most of the supporting analyses in each region are conducted using Excel-based spreadsheets, each region has also developed specific tools designed to help carry out the most rigorous analyses. For example, the U.S. uses its life-cycle cost model with Crystal Ball to conduct the Monte Carlo simulations for the life-cycle cost subgroup analysis while Australia provides users with a Business Cost Calculator to conduct the regulatory cost-benefit analysis. The EU specifically designed the Energyusing Product EcoReport Tool to provide default environmental impact factors per unit of product in order to expedite and simplify the life-cycle environmental impact analysis. In the case of Australia and the EU, both tools are readily accessible by the public and can be used by stakeholders to confirm analyses in the standard-setting process. In the U.S., the calculations and results of the analyses are provided as part of the technical supporting documents of the rulemaking process.
In sum, while similar types of analyses are embodied in the standard-setting and label development framework of the U.S., Australia, and the EU, there are distinct features in each of the three frameworks that are shaped by the regulatory context and conditions of that region. Each of the frameworks in turn has distinguished itself by incorporating more rigor into specific areas of analysis ranging from engineering and life-cycle subgroup impact analysis to cost-benefit and environmental impact analysis in order to meet specific regulatory goals. At the same time, these regions have also developed the necessary supporting tools and data inputs to conduct the more rigorous analyses, making it possible for the standards setting and label development framework to be fully implemented.
